The Ma-tsu Goddess parade is a very special religious tradition in Taiwan attracting thousands of believers every year. This parade is an 8-day-and-7-night event and the entire walking distance is about 280 km. This study assesses participants' exposure to PM 2.5 , and gaseous and particulate PAHs. The contribution of various exposure factors was also evaluated. Sampling was conducted during the entire parade period in 2001. Exposures of participants who were riding motorcycles or driving cars were assessed. Personal environmental monitors mounted with Teflon filters and polyurethane foams were used for particulate and gaseous sampling. PAHs were analyzed with GC-FID. Stepwise regression analysis was used to evaluate the contribution of various factors, including the number of temples visited each day, the duration of temple visits, the number of temple co-visitors, visitors riding motorcycles or driving cars, etc. During the Ma-tsu Goddess parade, the mean PM 2.5 , particulate and gaseous PAH exposures were around 119760.8, 0.3670.23 and 0.8670.48 mg/m 3 , respectively. Participants' PM 2.5 and particulate PAH exposures were about two to three times the exposure during daily routines. The profiles of 16 PAH species in the particulate and gaseous phases for participants' and normal daily exposures were also different. Incense smoke and vehicle exhaust were two important sources. Worshippers would be exposed to 0.096 mg/m 3 more PM 2.5 for every incremental minute in temples. In addition, motorcyclists were exposed to 0.21 mg/m 3 higher particulate PAHs than the car drivers.
Introduction
The Ma-tsu Goddess parade is a special annual religious event in Taiwan (Sung, 1971; Chang, 1995 Chang, , 2000 . Ma-tsu is the most-worshipped goddess in the Taiwanese society. Like many other temples, a famous temple at Ta-Chia town in central Taiwan also houses the Ma-tsu Goddess figure. During the commemoration of Ma-tsu in March every year, the figure is carried from this temple to other temples around central Taiwan.
This parade is an 8-day-and-7-night event ( Figure 1 ). The parade begins at Ta-Chia town in Taichung county, passes through four counties, visits about 30 temples on the way until it arrives at the final destination, another famous temple at Hsin-gun town in Chiayi county. After that, the parade follows the original route back. The entire walking distance is about 280 km. It passes mostly through rural areas with farms, residential housing, and small shops along both sides of the roads. Traffic is only busy near the town centers during morning and evening rush hours on weekdays.
Believers follow the Ta-Chia Ma-tsu Goddess for the entire parade period to visit other temples along the route. It has been estimated that about 80,000 believers participate in this parade every year (Chang, 1995 (Chang, , 2000 . Participants may walk on foot, ride motorcycles or drive cars. The parade time is from 12 midnight to 2000 hours the next evening, that is, participants would follow the Goddess for about 20 h, take a rest and then continuously follow the Goddess the next day. Every day during the 20-h period, the parade would visit about 6-17 temples. At their usual driving speed (40-70 km/h), vehicles usually arrive at the next temple first and park to wait for the Goddess and the rest of the parade. They all then enter the temple to burn incense in worship.
As a result, during the parade, worshippers could be exposed to exhaust from motor vehicles and smoke from incense. Motor vehicles and burning incense generate respirable particles and other toxic chemicals such as polycyclic aromatic hydrocarbons (PAHs) (Chen, 1996; Mi, 1998; Marr et al., 1999; . The acute and chronic health effects of exposure to respirable particles such as exacerbation of asthma, decrease in daily lung function, chronic cough, bronchitis and chest illness are indicated in numerous studies (Wilson and Spengler, 1996) . In addition, certain PAHs such as benzo(a)-pyrene are classified as probable human carcinogens. There is a large amount of literature indicating their association with lung cancer (USEPA, 1987) . Besides, most of the participants are aged people and some of them participate in this parade every year. The potential health effects of the exposure during this religious parade should be concerned.
Thus, this study was to assess PM 2.5 , and gaseous and particulate PAH exposures to participants. Since most of the participants were either riding motorcycles or driving cars, exposures to motorcyclists and car drivers were assessed. The contribution of various exposure factors was also evaluated, which included the number of temples visited each day, the duration of temple visits, the approximate number of temple co-visitors, visitors riding motorcycles or driving cars, etc.
Materials and methods

Sampling Strategy
Personal environmental monitors (PEM, SKC 761-203, SKC Inc., Eighty Four, PA, USA) with a size cut of 2.5 mm mounted with 37 mm Teflon filters (SKC 225-1709) were used for particle sampling. An elutriator was added to PEMs to prevent any effects from wind. The inner surface of the elutriator was coated with carbon-filled Teflon to avoid static attraction of small particles. Polyurethane foam (PUF, diameter, 22 mm and length, 75 mm) was used for gaseous PAH sampling. Monitors were connected to SKC personal pumps (224-PCXR8). Flow rate was calibrated at approximately 4 l/min with an SKC 712 flow calibrator. At the sampling site, it was measured again at least twice before and after sampling. The variation in flow rates was within 5%.
Sampling was conducted in March 2001. Typical daily exposure was measured for 2 days as a reference exposure level. The detailed description of the sampling scheme is given in Table 1 . The first 2 days involved sampling typical daily activities. The parade began at midnight March 25, 2001 . Samples were taken during the entire period of the parade. The sampling time was 20 h every day (the parade time). The day before the parade began (March 24), believers paraded around Ta-Chia town. Samples were also taken on that day. Thus, sampling days for the whole parade amounted to 9 days. The parade visited different temples in different towns along the route. On the fourth day, when the parade arrived at the final destination temple in Hsin-gun town, participants paraded around the town for 1 day. On the last day, when the parade went back to Ta-Chia temple, they also paraded around Ta-Chia town. For these 2 days and the day before the parade began, the participants stayed in the same town (in-town activities). On other days, they were traveling between towns.
On each sampling day, two car drivers and two motorcyclists participated. One car driver and one motorcyclist wore one PEM and one PUF samplers while the others wore only one PEM; thus, two particle samples and one gaseous sample were taken for the car drivers as well as the motorcyclists. Subjects wore samplers on their chests. The car windows were open during the entire period as in the case of most other vehicles since it was springtime. It was also observed that, during the parade, most of the motorcyclists were not wearing masks to reduce exposure. The number of temples visited each day, the duration of temple visits, and the approximate number of co-visitors were recorded in order to assess them as exposure factors (Table 1) . Co-visitors were defined as people entering the temple at the same time as subjects. The ambient conditions during the sampling period obtained from the nearest Taiwan Environmental Protection Agency Monitoring stations are summarized in Table 2 . Figure 1 . Route of the Ta-Chia Ma-tsu Goddess parade.
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Extraction and Analysis
Filters were equilibrated in a 20711C and 4575% RH environment for 48 h before weighing with a Mettler AT261 balance (Mettler-Toledo AG, Grelfensee, Switzerland). Electrostatic charges were neutralized by VWR StaticMasters (VWR Scientific Products, So. Plainfield, NJ, USA) during weighing. Each filter was weighed twice; if the difference in measurements was larger than the acceptable variation (10 mg), the filter would be reweighed. After weighing, filters were extracted by three-time 15-min sonication with a 10 ml of hexane:methylene chloride mixture (volume ratio 1:4). Extracts were concentrated down to about 1 ml under a gentle stream of nitrogen, cleaned up by methylene-chloride-soaked silicon gel (70-230 mesh, for column chromatography, Macherey-Nagel GmbH & Co., Duren, Germany), and eluted by 25 ml hexane and 25 ml hexane:methylene chloride (volume ratio 3:2) mixtures. Elutes were concentrated again to about 200 ml to be analyzed.
PUF samples were preserved in amber glass vials and extracted by a Soxhlet apparatus with 300 ml hexane:methylene chloride mixtures (volume ratio 1:1) for 24 h. The extracts were concentrated in a Kuderna-Danish (K-D) apparatus to about 5-10 ml and then taken through the same clean-up and analysis processes as filter samples.
Samples were analyzed for 16 PAHs, which are listed as priority pollutants by USEPA, (1982) . They are naphthalene (Nap), acenaphthylene (Acy), acenaphthene (Acp), fluorene (Flu), phenanthrene (Phe), anthracene (Ant), fluoranthene PAH analysis was performed on a Perkin-Elmer M611-9000 Gas Chromatograph (Perkin-Elmer Corporation, Norwalk, CT, USA), equipped with a 60 m Â 0.32 mm ID Â Â 0.25 mm Perkin-Elmer PE-5MS capillary column (N931-6297). The temperatures of the injection port and the flame ionization detector were 3001C and 3251C, respectively. Individual PAH was quantified via the internal standard method.
QA/QC
Eight laboratory blanks were used to assess contamination that occurred in the laboratory. The mass of particulate matter on laboratory blanks was À5720 mg. Four PUF and four filter field blanks were used to assess contamination that occurred in the laboratory and during assembling and transportation processes. They were processed as real samples and taken to the field except for the connected pumps not being turned on. The mass of particulate matter on field blanks was 5714 mg. Blank values of 16 individual PAHs were less than 1 mg except for Acy and Acp in filter samples (Table 3) . A certain interference was found for Acy and Acp in filter samples; therefore, these two compounds were excluded in particulate data. All the data presented in this work were blank-corrected. The percentage of recoveries of the 16 PAHs in matrix spikes were about 85-115%. The percentage recovery rates of surrogate compounds in each sample were 80-100%. Five replicate matrix spikes were used to assess precision. Percentage variations of PAH species were all less than 10%, except for Phe (20%). The method detection limits (MDL) were calculated as three times the standard deviation of the laboratory blank values. The MDLs of 16 PAHs, expressed as mg per cubic meter in ambient air, are presented in Table 3 . Break-through was assessed by sampling with two sequentially connected PUFs. The second PUF contained less than 10% of the first PUF (Table 3) . Thus, there was no break-through during our sampling.
Data Analysis
The Statistical Analysis System (SAS version 6.12, SAS Institute Inc., Cary, NC, USA) was used for statistical analysis. The Wilcoxon rank sum test was used to compare pollutant concentrations in different classifications. The Spearman rank correlation method was used to evaluate the correlation between concentrations and exposure factors.
Stepwise regression analysis was used to assess contribution of various factors. Exposure to PM 2.5 and PAHs during the Ma-tsu Goddess parade Lung et al.
Results and Discussion
During daily routines, the mean PM 2.5 , particulate PAH, and gaseous PAH exposures were about 5474.7 mg/m 3 (n ¼ 16), respectively. Four filter and two PUF samples were lost due to malfunction of pumps or batteries. Participants' PM 2.5 exposures were much lower than worshippers' exposures during visits to temples reported previously ; geometric mean: 444 mg/m 3 ). The Wilcoxon rank sum test showed that participants' PM 2.5 and particulate PAH exposures were statistically significantly higher than exposure during daily routines (po0.05).
The percentages of 16 PAH species in the particulate and gaseous phases for daily exposure and exposure during the parade are shown in Figure 2 . It shows that the PAH profiles of daily activities were quite different from that of the parade. In the particulate phase, participants were predominantly exposed to Flu while the corresponding typical daily exposure showed no traces of Flu. High percentages of Flu were consistently found in all the particulate samples of the participants. In the gaseous phase, six PAH species, namely Phe, Ant, Fl, Ind, DBA, and B[ghi]P, were found to be below the MDLs in both daily and parade exposures. The mean break-through percentage of total PAHs was 7.171.8%. c A certain interference was found for Acy and Acp in filter samples; these two compounds were excluded in the particulate data. Participants were exposed to a higher percentage of gaseous Nap and Acp than during daily exposure. Nap, Acp and Flu were all major compounds found in the gaseous and particulate phases of incense smoke (Tseng, 1996; as well as in exhaust from cars and motorcycles in Taiwan (Chen, 1996; Mi, 1998) . These major species that participants were exposed to could be from incense smoke or vehicle exhaust. There was a slight drizzle for 3 days during the parade ( Table 2 ). The PM 2.5 , and gaseous and particulate PAH concentrations were slightly lower on those days; however, the concentration differences were not statistically significant. The gaseous and particulate PAH profiles were similar for drizzling days and days without any rain.
Exposures during in-town activities and traveling between towns are shown in Figure 3 . The mean PM 2.5 , particulate PAH and gaseous PAH exposures for traveling between towns were about 109, 0.40 and 0.95 mg/m 3 , respectively, while those for in-town activities were about 141, 0.36 and 0.59 mg/m 3 , respectively. The exposure differences between these two types of activities were not statistically significant (p40.05), and their particulate PAH profiles were almost identical (Figure 4 ). This suggests that participants were exposed to virtually the same particulate PAH sources during the two kinds of activities. However, there were differences in their gaseous PAH profiles. Participants traveling between towns were exposed to a higher percentage of Nap, Acp, and Chry and a lower percentage of Acy and B[a]a in the gaseous phase. It was suspected beforehand that participants traveling between towns might be exposed to higher pollutant concentrations since they were visiting 6-17 temples per day. However, during the parade, it was observed that, during in-town activities, a large amount of incense was burnt in many households along the route and large quantities of firecrackers were used to welcome the Ma-tsu Goddess and the parade. Therefore, no significant exposure concentration differences were observed between in-town activities and traveling between towns. Nevertheless, consistent with our observation, differences in the gaseous PAH pattern indicate that participants were exposed to somewhat different gaseous PAH sources during the two activities. Figure 5 shows the exposure of motorcyclists and car drivers. The mean PM 2.5 exposure for motorcyclists was about 124 mg/m 3 and for car drivers about 104 mg/m 3 . The mean exposure for particulate PAHs was around 0.50 mg/m 3 for motorcyclists and 0.28 mg/m 3 for car drivers. For gaseous PAHs, the mean exposure was 0.83 mg/m 3 for motorcyclists and 0.90 mg/m 3 for car drivers. Statistically, only particulate PAH exposure was significantly higher for motorcyclists compared to car drivers (po0.05). Motorcyclists' particulate PAH exposure was about 1.8 times that of car drivers. In PAH profile comparison (Figure 6 ), motorcyclists were exposed to a higher percentage of Flu and a lower percentage of Pyr than car drivers in the particulate phase, while in the gaseous phase, they were very similar.
The Spearman correlation method was used to assess the correlation of the exposure factors and exposure concentrations. It was found that the correlation coefficient of the duration of temple visits and PM 2.5 exposure was 0.46 (n ¼ 32, po0.05), and that of the approximate number of temple co-visitors and PM 2.5 exposure 0.54 (n ¼ 32, po0.05). The Spearman correlation coefficient of the duration of temple visits and particulate PAH exposure was 0.40 (n ¼ 32, po0.05). The correlations of other factors and exposure concentrations were not statistically significant.
Furthermore, stepwise regression analysis was used to assess the contribution of the exposure factors, including the number of temples visited each day, the duration of temple visits, the approximate number of co-visitors, in-town activities or traveling between towns, visitors riding motorcycles or driving cars, etc. The latter two factors were represented by dummy variables. This regression analysis was performed for total particulate and gaseous PAHs as well as for individual PAH species. Besides this, regression was also conducted for composite PAHs that were calculated as the sum of the particulate and gaseous phases of the same species. It should be noted that there were 16 gaseous and 32 particulate samples for participants; the gaseous phase of a species was added to the particulate phase of the same species taken on the same day from subjects using the same transportation mode (motorcycle or car) to obtain 32 composite samples. The detail regression results are listed in Table 4 . Only regression models significant at p ¼ 0.1 level are included. It was found that the duration of temple visits is the most important factor for PM 2.5 exposure; worshippers would be exposed to 0.096 mg/m 3 more PM 2.5 for every incremental minute in temples. For total particulate PAH, riding a motorcycle or driving a car was the most significant factor. Motorcyclists were exposed to 0.21 mg/m 3 higher concentrations than car drivers. For total gaseous PAHs, no factor was found to be significant in the regression model.
For individual PAH species, Flu and B[a]p were affected by the duration of temple visits and DBA was influenced by the number of temples visited each day. Both the duration of temple visits and the number of temples visited affected the concentrations of Nap. In addition, motorcyclists were exposed to 0.12 mg/m 3 more Chry than the car drivers. Although these models can only explain 14-42% of the total variance, they are listed as an indication of the significance of relevant factors. The above results suggest that the duration of temple visits, the number of temples visited each day, and whether riding motorcycles or driving cars affected participants' PAH exposure during the parade.
In summary, the participants' PM 2.5 , and particulate and gaseous PAH exposure during the Ta-Chia Ma-tsu Goddess parade was assessed in this study. Their PM 2.5 exposure was about 1.6-2.2 times that of daily exposure. In addition, it was found that the duration of temple visits is the most important factor for PM 2.5 exposure while whether using a motorcycle or car during the parade affected total particulate PAH exposure the most. Incense smoke and vehicle exhaust were the two most important sources for PAH exposure. Participants who were riding motorcycles were exposed to 0.21 mg/m 3 higher total particulate PAHs than car drivers; and the duration of temple visits and the number of temples visited each day affected the exposure concentrations of several PAH species. Since the Ta-Chia Ma-tsu Goddess parade is a religious activity, believers like to participate in the parade in order to obtain good luck. We respect this religious event, but would suggest that people who join this parade choose methods resulting in the least exposure possible. For example, wearing masks while riding motorcycles or reducing the duration of temple visits could lower participants' exposure to a certain degree. Exposure to PM 2.5 and PAHs during the Ma-tsu Goddess parade Lung et al.
